Progesterone is one of the most important hormones of the steroidal pregnane series, secreted by corpus luteum and by placenta, which can be regarded as a hormonal balancer, particularly of estrogens. It also helps to create a balance of all other steroids and has intrinsic calming and diuretic properties. It is important in women and its importance in men for the maintenance of prostate health is appreciated. Moreover, progesterone has a neuroprotective effect (1, 2). Thus, due to the importance of progesterones to the human body and in continuation of our previous work on heterocyclic synthesis (3-5), we would like to report here on the formation and characterization of new promising steroidal heterocyclic derivatives derived from progesterone. Detection of many emerging chemicals of concern, including antimicrobials and steroid hormones, in the environment was increased in the past decade with the advancement of analytical techniques. All compounds produced in this work are novel and their synthetic pathways are also novel. Therefore, the in vitro antimicrobial activity of the new steroidal derivatives should be tested against Gram positive and negative bacteria, and fungi. The aim of this work was to synthesize steroidal heterocycles and to elucidate the potential role of these compounds as antimicrobial agents. The synthesis of steroidal heterocycles containing the pyrazole, isoxazole, thiazole, pyrane, pyridine, pyridazine, or benzopyrane ring attached to the pregnene nucleus is reported. Progesterone (1) reacts with dimethyl formamide dimethyl acetal to form enamine 2. Heterocyclization of 2 with hydrazines, hydroxylamine, glycine, ethyl acetoacetate or cyanomethylene afforded novel steroidal heterocyclic derivatives. The in vitro antimicrobial evaluation showed that all synthesized compounds show activity against the used strains of Gram positive bacteria and fungi.
Synthesis of 17-(isoxazol-6-yl)androst-4-en-3-one (4)
To a solution of compound 2 (0.66 g, 0.002 mol) in absolute ethanol (30 mL), containing sodium acetate (0.16 g, 0.002 mol), an equivalent amount of hydroxylamine hydrochloride (0.13 g, 0.002 mol) in water (5 mL) was added. The reaction mixture was boiled under reflux for 3 h then left to cool to 20°C and poured over ice/water mixture. The formed solid product was collected by filtration and crystallized from 1,4-dioxane.
Synthesis of 17-(2-amino-3-cyanopyran-6-yl)androst-4-en-3-one (6a)
Malononitrile (0.13 g, 0.002 mol) was added to a suspension of compound 2 (0.66, 0.002 mol) in sodium ethoxide (0.01mol) [prepared by dissolving sodium metal (0.23 g, 0.01 mol) in absolute ethanol (5 mL)]. The reaction mixture was heated under reflux for 5 h, then left to cool at room temperature, poured into ice/water mixture and neutralized with dilute hydrochloric acid. The solid product 6a, which was formed through the formation of the non isolable intermediate 5a, was collected by filtration, dried and crystallized from ethanol.
Synthesis of 17-(2-hydroxy-3-cyanopyran-6-yl)androst-4-en-3-one (6b)
To a solution of compound 2 (0.66, 0.002 mol) in ethanol (30 mL), containing a catalytic amount of triethylamine (0.5 mL), an equivalent amount of ethyl cyanoacetate (0.23 g, 0.002 mol) was added. The reaction mixture was heated under reflux for 5 h; after cooling at room temperature, it was poured into ice/water mixture and neutralized with di- 
Synthesis of 21-(dimethylaminoacryloyl)-20-(ethylacetoacetato)pregn-4-en-3-one (7)
To a solution of compound 2 (0.66 g, 0.002 mol) in ethanol containing a catalytic amount of ammonium acetate (0.1 g), an equivalent amount of ethyl acetoacetate (0.23 g, 0.002 mol) was added. The reaction mixture was heated under reflux for 4 h, then left to cool at room temperature and poured into ice/water mixture. The formed solid product was filtered off, dried and crystallized from 1,4-dioxane.
Synthesis of 17-(2-hydroxy-3-acetylpyran-6-yl)androst-4-en-3-one (9)
To a solution of 2 (0.66 g, 0.002 mol) in toluene (30 mL), ethyl acetoacetate (0.23 g, 0.002 mol) was added. The reaction mixture was heated under reflux for 5 h and then the reaction mixture was concentrated under vacuum. The solid product 9, was formed through the intermediate formation of the non isolable 8; it was dried and crystallized from 1,4-dioxane.
Synthesis of 17-(3-cyanomethylpyridazin-6-yl)androst-4-en-3-one (11)
To a solution of compound 2 (0.66 g, 0.002 mol) in 1,4-dioxane (30 mL), an equivalent amount of freshly prepared cyanoacetic acid hydrazide (0.19 g, 0.002 mol) [prepared by the addition of an equivalent amount of hydrazine hydrate to ethyl cyanoacetate under stirring at room temperature] was added; the reaction mixture was heated under reflux for 6 h and then concentrated under vacuum. The solid product of 11, which was for- 
Synthesis of 17-(pyrol-3-yl)androst-4-en-3-one (13)
To a solution of compound 2 (0.66 g, 0.002 mol) in acetic anhydride (30 mL), an equivalent amount of glycine (0.15 g, 0.002 mol) was added, the reaction mixture was heated under reflux for 3 h, and then concentrated under vacuum. The solid product of 13, which was formed via the intermediate formation of the non isolable 12, was filtered off, dried and crystallized from ethanol.
Synthesis of 20-(cyanoacetylhydrazono)pregn-4-en-3-one (14)
A dry mixture of progesterone 1 (1.57 g, 0.005 mol) and freshly prepared cyanoacetic acid hydrazide (0.49 g, 0.005 mol) was heated in an oil bath at 130°C for 1 h and then acetic acid (5 mL) was added. The solid product formed upon cooling at room temperature was triturated with ethanol, collected by filtration and crystallized from 1,4-dioxane.
Synthesis of 20-(1-phenyl-2-cyanopropenoylhydrazono)pregn-4-en-3-one (15)
To a solution of 14 (0.79 g, 0.002 mol) in absolute ethanol (30 mL) containing a catalytic amount of pyridine (0.5 mL), benzaldehyde (0.21 g, 0.002 mol) was added. The reaction mixture was heated under reflux for 4 h and then cooled at room temperature, poured over ice/water mixture and neutralized with dilute hydrochloric acid. The formed solid product was filtered off, dried and crystallized from methanol.
Synthesis of 20-hydrazono-N-(4-amino-3-cyano-2,6-dioxopyridin-1-yl)pregn-4-en-3-one (17)
To a solution of compound 14 (0.79 g, 0.002 mol) in ethanol containing a catalytic amount of pyridine (0.5 mL), an equivalent amount of ethyl cyanoacetate (0.22 g, 0.002 mol) was added. The reaction mixture was heated under reflux for 4 h, then left to cool at room temperature, poured over ice/water mixture and neutralized with dilute hydrochloric acid. The formed solid product of 17, which was formed via the intermediate formation of the non isolable 16, was filtered off, dried and crystallized from methanol.
Synthesis of 20-hydrazono-N-(4,6-dimethyl-2-oxopyridin-1-yl)pregn-4-en-3-one (18)
To a solution of 14 (0.73 g, 0.002 mol) in acetic anhydride (30 mL), an equivalent amount of acetyl acetone (0.2 g, 0.002 mol) was added. The reaction mixture was heated under reflux for 3 h and then concentrated under vacuum; the solid product so formed was filtered off, dried and crystallized from ethanol.
Synthesis of 20-(4-oxothiazol-2-acetylhydrazonyl-2-yl)pregn-4-en-3-one (19)
To a solution of compound 14 (0.79 g, 0.002 mol) in ethanol containing a catalytic amount of pyridine (0.5 ml), an equivalent amount of thioglycolic acid (0.18 mL, 0.002 mol) was added. The reaction mixture was heated under reflux for 5 h then left to cool at room temperature, poured over ice/water mixture and neutralized with dilute hydrochloric acid. The formed solid product was filtered off, dried and crystallized from ethanol.
Synthesis of 20-(coumarin-3-carbohydrazonyl)pregn-4-en-3-one (20)
To a solution of 14 (0.79 g, 0.002 mol) in dimethylformamide (30 mL) containing a catalytic amount of piperidine (0.5 mL), salicylaldehyde (0.002 g, 0.002 mol) was added, the reaction mixture was heated under refluxal for 5 h, cooled at room temperature, poured over ice/water mixture and neutralized with dilute hydrochloric acid. The formed solid product was filtered off, dried and crystallized from methanol.
Analytical and spectral data of all products are in agreement with the proposed structure.
Antimicrobial activity
The in vitro antimicrobial activity of the structurally promising steroidal heterocyclic derivatives 2, 3a,b, 6b, 7, 9, 11, 13, 15, 14, 17, 18 and 20 against two strains of Gram positive bacteria (Bacillus subtilis CECT 498 and Bacillus cereus CECT 148), two strains of Gram negative bacteria (Escherichia coli ECT 101 and Pseudomonas aeruginosa) and Candida albicans CECT 1394 as a representative species of fungi was investigated. The newly synthesized products were dissolved in aqueous ethanol to give a logarithmic series of concentrations from 2 to 256 mg L -1 upon tenfold dilution with the growth medium and spore suspension of the test fungi. The toxicity of compounds was determined via pipette additions into the wells of multi-well slides, followed by 25 mL of culture medium. The inoculated slides were then incubated at 25 o C until short germ tubes appeared; approximately 50 mm length (at 0 h) was measured. Five-mL volumes of the prepared compound test solutions were added to the inoculated wells, one control well on each slide being treated with solvent only. The slides were then returned to the incubator until (6) germ tubes (400 ± 50 mm) long were visible in the control wells. Further growth was arrested by the addition of lactophenol aniline blue to each of the wells. The minimal inhibitory concentration (MIC, in mg mL -1 ) was determined using an adaptation of the agar streak dilution method based on radial diffusion (9, 10) . Under the same conditions, ampicillin (antibacterial) and cycloheximide (antifungal) were used as standards. MIC was considered to be the lowest concentration of the tested compound (in dimethylformamide) that inhibits the growth of bacteria or fungi in the plate (Table III) . Diameters of the inhibition zones corresponding to MICs are also presented in Table III .
RESULTS AND DISCUSSION
In this work, the reaction of progesterone (1) with dimethyl formamide dimethylacetal was studied. The reaction took place in xylene to give the enamine derivative 2 (8) (Scheme 1). The heterocyclization of compound 2 with different chemical reagents was studied with the aim of forming steroidal heterocyclic compounds with potential biological activities. Thus, compound 2 reacted with either hydrazine hydrate or phenylhydrazine to give the pyrazolylandrostenone derivatives 3a and 3b, respectively, and the reaction of compound 2 with hydroxylamine hydrochloride gave the isoxazolyandrostenone derivative 4. The 1 H NMR of the latter product showed the presence of two doublets at d 4.83 and 5.23 ppm for the isoxazole protons at C-4 and C-5, respectively. The reaction of compound 3 with either malononitrile or ethyl cyanoacetate gave the corresponding amino pyranylandrostenone derivatives 6a,b. Formation of the latter product took place through the intermediate formation of 5a,b (Scheme 1).
The reaction of compound 2 with ethyl acetoacetate in acetic acid afforded the Knoevenagel condensation product 7. On the other hand, carrying the same reaction in refluxing toluene gave the 3-acetyl-2-hydroxy pyranylandrostenone derivative 9. The reaction took place through the intermediate formation of 8 (Scheme 2). The reaction of compound 2 with cyanoacetylhydrazone in 1,4-dioxane gave pyridazinylandrostenone Compound 2 showed interesting reactivity when reacting with amino acids. Thus, with glycine in acetic anhydride it gave the pyrolylandrostenone derivative 13. Formation of 13 can be explained in terms of the first condensation of the glycine CH 2 group with C=O group at C-20 of compound 2 to afford the intermediate 12 followed by cyclization and decarboxylation (Scheme 3). The analytical and spectral data of compound 13 are in agreement with the proposed structure (Tables I and II) . Thus, the IR spectrum of compound 13 showed an NH stretching at n 3334 cm -1 . Moreover, the 1 H NMR spectrum revealed the presence of two singlets at d 0.75 and 0.92 ppm corresponding to the two CH 3 groups at C-18, C19, a singlet at d 4.97 ppm for pyrazol H-4, a multiplet at d 5.23 ppm for pyrol H-2, H-3 and a siglet at d 9.11 ppmcorresponding to the NH group.
The reaction of progesterone (1) with cyanoacetic acid hydrazide, in refluxing 1,4-dioxane gave the cyanoacetylhydrazonopregnene derivative 14. The condensation of C=O group of progesterone (1) with the hydrazide to give hydrazone proceeds in parallel with another reaction recently reported by our group (11) (Scheme 4). The IR spectrum of the latter product showed a CN stretching at n 2225 cm -1 and two C=O groups stretching at n 1718 and 1715 cm -1 . Moreover, the 1 H NMR showed the presence of a singlet at d 2. acetone to give the oxopyridinyl pregnene derivative 18 (Scheme 4). The reaction of compound 14 with thioglycolic acid gave the thiazolyl pregnene derivative 19 (12) . The structure of the latter compound was based on analytical and spectral data (Tables I and  II) . Thus, the IR spectrum showed an NH stretching at n 3325 cm -1 beside three C=O groups stretching at n 1718, 1710 and 1695 cm -1 and the 1 hand, the reaction of 14 with salicylaldehyde gave the coumarin derivative 20 (Scheme 4). Formation of coumarin via the reaction of salicylaldehyde with cyanomethylene reagents has been reported in literature (13, 14) where the condensation of salicylaldehyde with the active methylelene of the cyanomethylene reagent to form the corresponding non isolable arylidene was followed by cyclization and ammonia liberation to give the isolable coumarin product. From Table III , it is obvious that no compound showed activity against Pseudomonas aeruginosa starting from DMSO solutions of 1000 mg mL -1 of each compound. Compounds 2 (dimethylaminoacryloyl pregnenone), 11 [(17-(3-cyanomethylpyridazin-6-yl)-androst-4-en-3-one] and 15 [20-(1-phenyl-2-cyanopropenoylhydrazono)pregn-4-en-3--one] were active against Escherichia coli only. The results in Table III also clearly revealed that all tested compounds in the present study, except for compounds 11 and 19 [20-(4-oxothiazol-2-acetylhydrazonyl-2-yl)pregn-4-en-3-one], were active against Gram positive bacteria. However, compound 19 showed the least activity of the tested compounds. [17-(2-hydroxy-3-acetylpyran-6-yl)androst-4-en-3-one] showed the maximum activity against C. albicans. Compounds 7 (with acetyl and ethyl ester groups) and 15 showed activity against C. albicans very close to that of the reference cycloheximide and higher than compounds 19 and 20 [20-(coumarin-3-carbohydrazonyl)pregn-4-en-3-one]. Compounds 2, 6b, 11, 13, 19 and 20 showed lower activity against B. subtilis than the reference ampicillin. One can notice the difference between the structures of compounds 2 and 7; condensing the C=O group in 2 with the acetyl and ethyl ester methino groups to produce compound 7 increases the activity of 7 against Candida albicans. The coumarin derivative 20 showed higher activity towards E. coli than the thiazole derivative 19.
CONCLUSIONS
The structure activity relationship suggested that heterocyclization reactions for enamine derivative of progesterone into pyrazole, isoxazole, pyrol, thiazole and coumarin derivatives resulted in products with high antibacterial and antifungal activity. These findings encourage us to explore new molecules by introducing potent moieties, like heterocyclic ring systems described in this work, into other hormones. Our prediction is that these compounds with new ring systems may show even better antimicrobial activity.
